Female rats and mice treated neonatally with relatively small doses of estrogen or androgen exhibit when adult a sterility syndrome characterized by polyfollicular ovaries and persistent proliferation and cornification of the vaginal epithelium.
Alteration in function of the hypothalamohypophysial system is involved in these phenomena, the vaginal changes being caused by estrogen secreted continuously from the ovaries (for reviews, see Ref.
2), 14), 15)). In contrast, neonatal treatment of mice with relatively large doses of estrogen or androgen induces seemingly similar changes in the vaginal epithelium.
However, the prolif erative state of vagina persists even in the absence of endogenous estrogen after ovariectomy (for reviews, Ref. 12), 13)). The estrogen-independent, permanent proliferation culminating in cornification of the vaginal epithelium occurs only when the estrogen treatment was started within 3 days after birth, although permanent epithelial proliferation with or without accompanying mucification may be induced even if the steroid treatment was begun later, but within 9 postnatal days.° 11) Thus, there is a critical period in the steroid treatment for inducing permanent vaginal changes.
The present study was undertaken to examine the responses of mouse vagina to administration of androgen begun at different early postnatal ages, and to determine the critical period in androgenic treatment for inducing permanent vaginal changes.
Materials and methods. Female mice of the C57 BL/Tw strain were used for the present experiments.
They were kept at 23-25°C on a 12 h L-12 h D daily photoperiod, and given food pellets (CA-1, Clea Co., Tokyo) and tap water ad libitum. Five groups of mice were injected sc with a 50 pg dose of 5 a-dihydrotestosterone (DHT ) dissolved in 0.02 ml sesame oil for 5 days from 0 (within 24 h after birth), 3, 5, 7 and 10 days of age onward. Similar age groups injected with 0.02 ml sesame oil alone for 5 days served as controls. All mice were ovariectomized at 10 days of age and sacrificed at 60 days. Five hours before sacrifice, the mice received a single sc injection of 100 pg colchicine/20 g body weight in 0.2 ml 0.9 NaCI solution.
Vaginae were fixed in Bouin's solution, sectioned longitudinally in paraffin at 8 pm and stained with Delafield's hematoxylin and eosin. In 5 sections from each vagina, dividing cells arrested at metaphase were counted in the epithelium lining the f ornical, proximal (1/5), middle (2/5) and distal (2/5) parts. Mitotic rate (%) was estimated by counting the number of mitoses/500 epithelial cells/hour.
Results.
Vaginae of 60-day-old ovariectomized mice which had received 5 daily injections of sesame oil from day 0 of age (0-4 oil) showed an atrophic epithelium consisting of 2 layers of cells ( Fig. 1) . In contrast, vaginae of 7 ovariectomized mice receiving 5 daily injections of 50 pg DHT from day 0 (0-4 DHT) had a proliferated epithelium consisting 5-10 layers of cells, occasionally with hyperplastic downgrowths extending into the stromal tissue underneath. The superficial layers of the epithelium were composed of either cornified (P+C, n=2, Fig. 2 ) or parakeratotic (P, n=5) cells. The mitotic rates in different parts of the epithelium were always higher than in the controls (Table I) .
In 2 of 7 ovariectomized mice given 5 daily DHT injections from 3 days of age (3-7 DHT), the vaginal epithelium was proliferated, having 4-9 layers of cells with superficial layers of parakeratotic cells and some downgrowths (Fig. 3) . The vaginal epithelium of 4 other mice was slightly proliferated, consisting of 3-5 cell layers. The last mouse of this group exhibited an atrophic epithelium with 2-3 layers of cells. The mitotic rates were higher than in the controls in all except for the f ornical and the middle parts of the vagina. However, the rates were markedly lowered in this group as compared with those in the 0-4 DHT mice (Table I) .
In 4 of 6, 5-9 DHT mice and 3 of 7, 7-11 DHT animals, the vaginal epithelium was slightly proliferated, being composed of 3-5 layers of cells (Fig. 4) . In the remaining mice of the two groups, the epithelium was atrophic. The vaginal epithelium of 10-14 DHT mice was atrophic, consisting of 2-3 cell layers as in the controls. The mitotic rates in all parts of the vaginal epithelium were low in groups in which DHT treatment was started later than 5 days after birth (Table I) .
Discussion. In female mice, treatment with large doses of estradiol-17 j9 beginning within 3 days after birth induces permanent proliferation and cornification of the vaginal epithelium, persisting even after ovariectomy.
If the treatment was given later, but within 9 postnatal days, the vaginal epithelium may be proliferated when adult, with or without superficial mucification.
Similar permanent changes in the vaginal epithelium were also caused by neonatal treatment with large doses of testosterone.' 10~ However, there are some studies indicating that testosterone and other androgenic steroids are converted into estrogen in various mammalian tissues.l ~ ,8 17 On the basis of their in vitro studies, Kimura et al7 suggested the possibility of the conversion of exogenous testosterone into estradiol or some related estrogen before exerting its effect on the vaginal epithelium of neonatal mice, androgen per se being ineffective in this respect. It is established that aromatizable androgen such as testosterone is converted into estrogen by the action of aromatase in various tissues.3~'9>.1 However, it has been reported that neonatal Figs. 1-4. 1: Vagina of a 60-day-old (60d.), ovariectomized (OVX) mouse given 5 daily injections of oil vehicle alone starting on the day of birth.
The epithelium is atrophic.
X130. 2: Vagina of a 60d. OVX mouse given 5 daily injections of DHT starting on the day of birth.
The epithelium is proliferated and cornified. X 130. 3: Vagina of a 60d. OVX mouse given 5 daily injections of DHT starting at 3 days of age. The epithelium is proliferated.
X130. 4: Vagina of a 60d. OVX mouse given 5 daily injections of DHT starting at 5 days injections of DHT starting at 5 days of age. The epithelium is slightly proliferated. >(130. injections of 5a-dihydrotestosterone which is non-aromatizable and cannot be converted into estrogen also causes permanent proliferation and cornification in the vaginal epithelium of mice.4~ This indicates that androgen is able to act directly on the vaginal epithelium of neonatal mice as is estrogen.
The present findings indicate that, in order to induce the permanent estrogen-independent proliferation and cornification of the vaginal epithelium, 5 daily administration of androgen should be started on the day of birth, although a permanent epithelial proliferation with or without superficial parakeratosis can be induced by a treatment given from 3 to 7 postnatal days. Furthermore, mitotic rate in the vaginal epithelial cells was highest when the treatment was started on the day of birth. Accordingly, it seems likely that the critical period for androgen action in inducing permanent, estrogen-independent vaginal changes terminates earlier after birth than that for estrogen.
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